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Enhancing Nutritional Value and Marketability of Be ans through Research
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Abstract of Research Achievements and Impacts

Activities during the final year have produced important achievements with regard to project
research and developnmegoals. Efforts to improve bean quality and yield (objective 1) involved
continued research on complex interactions of bean variety and fertilizer. Participatory research
with farmers has enabled us to develop extension materials using print and vide thaelave

been refined and translated into local languages. These have been utilized in training nearly 1000
farmers (70% women) in 60 demonstration sites, and providing seed for twovedprarieties.
Training coveredgermination testing; plant spagin manure application; pest and disease
management; harvesting, threshing, drying, and moisture testing; solarization and triple bagging;
and sorting and seed selection. Capacity building continued for six groups involved in
community based production asdle of quality seed to ensure successsasthinability.

To enhance nutritional value, appeal and consumption of beans (objective 2), we have developed
appealing beabased products, and taught farmers about nuteehancing ways to prepare
beans fohome meals. We also taught farmer groups to prepare morestdig# valueadded
beanbased products. As a result, rural microenterprises have been created, selling snacks to
school going children and at/for special occasions in the community such &s ard
weddings. Research had been performed to determine the influenceprbgessing methods

on starch and protein digestibility, micronutrient bioavailability and the sensory acceptability of

a bean based porridge for supplementary feeding. Tests algo performed to screen the
culinary and sensory characteristics of 7 local and 18 improved bean varieties in Uganda and 16
improved varieties in Rwanda. Farmers have been taught how to prepare the bean flour, how to
use it in making soup, and how teeuit to augment or substitute for other ingredients in cooking.

Project households have increased the area planted in beans, market participation, and income.
The project strengthened the collective marketing capabilities of farmer groups (objective 3)
through enhanced understanding of market price variations, skills to obtain higher prices
resulting from improved pogtarvest grain handling, better coordination of grain bulking and
storage at community level, and negotiation skifisaddition, the pract provided assistance to
farmer groups to develop business plans, to improve record keeping and analysis, to promote
gender equity and better functional group dynamics. A rstdikeholder bean value chain forum
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has been established to enable particpamtidentify key constraints and solutions for broad
based successful market participation.

Project Problem Statement and Justification

Agriculture in East Africa is characterized by women and men working in small scaléedain
fields of poor soil fetility, averaging two hectares per household. Erratic bimodal rainfall
patterns in recent years further challenge cropping results. Farmers have limited access to
extension, training for improved agronomic practices, quality seed, technologies to improve
yields and reduce poebkarvest losses, and access to credit. Losses are very high throughout the
bean value chain due to poor harvest and-pastest practices and poor-tarm storage
facilities. Beans on the market are typically poor quality and infe®tesblucers are not well
linked to profitable markets, especially emerging sectors of domestic and regional markets.
Traders operate on a small scale with limited investment capability. Availability and use of
processed products remains very modest. Humg@poverty are widespread.

The lack of valueadded bean products having reduced cooking time makes bean preparation
laborious with high fuel requirements; consumers tire of monotonous flavor, reducing their bean
consumption despite documented high nuatriccontent and health benefits. Optimized
processing (déulling, soaking, milling, fermentation, germination, and extrusion cooking) can
enhance digestibility and nutritional value by reducing phytates and polyphenols that limit iron
uptake, and create h-added beaibased products.

Prospects of marketing increased quantities of beans and newpragessed bean products
within the Ugandan and regional markets require careful examining of production and marketing
constraints (increased farm productivifgroducer incentives, and access to better markets).
Equally important is understanding prospects for increasing demand for beans and agro
processed products through collaboration with private sector businesses.

Our efforts to introduce new agronomic prees and technologies demonstrate encouraging
progress. Ongoing collaboration since 2004 of lowa State University (ISU), Makerere University

( MAK) , and Volunteer Efforts for Devel opment
District using a sustainable livebods (SL) approach increased food security and market
readiness from 9% to 77% among 800+ farm households. The main crops are maize, beans,
sweet potatoes, cassava, bananas, rice and coffee. Most (90%) of participating households
produce beans, but irally only a few (20%) soldbeans. TheSL approach focuses on
understanding and supporting individual and community capabilities, assets (natural, physical,
human, financial, social, cultural and political capital), goals, strategies and activities.
Diversification of livelihood opportunities and activities is crucial to sustainability. In
combination with SL approaches, scientific knowledge, improved technologies, financial
assistance, and changes in government policies can have significant positivanioaetsi
Participatory research methods can generate knowledge that people can apply to improve their
individual and collective welbeing.

Beans provide a strategic opportunity to help meet Millennium Development Goal targets of
reducing hunger and povertynproved beans production in Uganda and Rwanda offers unique
opportunities to address the deteriorating food security situation there and elsewhere in sub
Saharan Africa. The short growth period and two growing seasons offer great opportunities to
contribute to rural poverty alleviation playing an essential role in sustainable livelihoods of
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small scale farmers and their families, providing food security and income to the most vulnerable
group, the women and children.

Theobjectives of our researctheaefore, are to:
1. Improve Harvested Bean Yields and Quality

2. Enhance Nutritional Value and Appeal of Beans through Appropriate Handling and
Processing

3. ldentify Solutions for Constraints to Increased Marketing and Consumption

4. Increase the Capacity, Effectivesseand Sustainability of Agriculture Research Institutions
that Serve the Bean Sector in Uganda and Rwanda

Results, Achievements and Outputs of Research
Objective 1: To Improve Harvested Bean Yields and Quality

Improve Yield and Quality through Evaluabh of Better Production and Management

Practices

Based on significant local variation in soil fertility conditions which produced large genotype x
environment interactions for the priority varieties evaluated, overall bean productivity remains
well below g@netic potential. Soils in the test sites were low in phosphorous and often
unresponsive to supplemental Nitrogen fertilizer. We therefore tested the hypothesis that
incorporating varying amounts of inorganic phosphorous into the soil prior to plantingeipil
identify the level required to generate a profitable return on seed-éextilider investment.

The genotypes tested are: Kanyebwacal variety common in Kamuli, southeast Uganda, and
NABE4 - improved variety released by NaCRRI. Phosphorusiegmn rates were: 0, 60, 120

and 180 kg/ha. Increasing rates of phosphorus were used to test whether increased supply of
phosphorus would lead to better agronomic performance on low nutrient soils common in
Uganda. Phosphorus was applied in bands alomgaws at planting.

The experiments were carried out on stations at Nakabango Variety Testing Center, near Jinja in
sout heastern Uganda, at NaCRRI 6s main fields
Mbarara Zonal Agricultural Research and Developmiastitute (ZARDI) in southwestern

Uganda. The experiments were organized in split plot design with the varieties as the main plots
and the phosphorus rates as subplots. The fields were managed according to standard agronomic
practices for common beans ldganda. At physiological maturity, data on yield and its
components were collected. In 2012, trials were not set at Mbarara ZARDI. Data was subjected

to analysis of variance in PROC GLM using SAS statistical package.

2011 Second Season (B)
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Table 1: Response of Two Common Bean VarietiesisNABE4 and Kanyebwa to Increasing
Levels of Phosphorus at Nakabango, Southeastern Ugan@a2011 Second Season

(B)
Phosphorus Yield Pods/ Seeds/ 100 Seed Harvest Plants
Rate (kg/ha) (kg/ha) Plant Pod wt(g) Index /
Variety m?
Kanyebwa 0 613.0A 7.7B 3.0A 38.8A 57B 10.0A
60 482.4A 10.7A  3.0A 38.6A 80A 9.0A
120 563.2A 11.0A 3.0A 41.1A 77AB 9.0A
180 526.9A 11.0A 23A 39.5A 73AB 9.3A
NABE4 0 740.6A 11.7A  3.0A 52.8B 60A 12.0A
60 733.6A 9.7A 3.0A 51.7B 60A 11.3A
120 963.6A 11.7A  3.0A 56.7A 60A 11.7A
180 883.5A 11.0A 3.3A 50.8B 53A 10.0A
Means with the same letter down column within each variety are not significantly different (p>
0.1)

Table 2: Response of 2 Common Bean Varieti@&sNABE4 and Kanyebwa to Increasing
Levels of Phosphorus at NaCRRI Namulonge, Central Ugandia2011 Second

Season (B)
Phosphorus Yield Pods/ Seeds 100 Seed Harvest Plants
Rate (kg/ha) (kg/ha) Plant /Pod wt(g) Index /
Variety m?
Kanyebw
a 0 150.6A 3.3A 2.7A 38.0A 40A 11.0A
60 146.3A 4.0A 2.3A 43.2A 40A 9.0A
120 142.9A 4.3A 2.3A 36.7A 40A 11.0A
180 152.6A 3.7A 2.7A 39.3A 40A 9.3A
NABE4 0 146.2A 4.3A 2.7TA 36.1A 37B 8.3A
60 147.9A 4.0A 2.3A 39.4A 40A 7.7A
120 128.0A 3.7A 2.3A 38.7A 40A 6.3A
180 157.5A 5.0A 1.7A 37.6A 40A 8.3A
Means with the same letter down column within each variety are not significantly different (p>

0.1)
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Table 3: Response of Two Common Bean Varieti@&sNABE4 and Kanyebwa to Increasing
Levels of Phosphorus at Mbarara ZARDI, Southwestern Uganda 2011 Second

Season (B)
Phosphorus Yield Pods/ Seeds 100 Seed Harvest Plants
Rate (kg/ha) (kg/ha) Plant /Pod wt(g) Index /
Variety m?
Kanyebw
a 0 528.7B 9.3A 2.7B 42 4A 46.7AB 11.7A
60 586.0AB 9.0A 2.7B 43.4A 40.0AB 8.3A
120 760.9A 9.3A 3.7A 43.3A 36.78 12.7A
180 524.1B 7.7A 2.7B 42.9A 60.0A 11.3A
NABE4 0 761.8A 9.7AB 3.0A 44 .2A 46.7A 11.3A
10.3A
60 746.8A B 2.7AB 44 9A 46.7A 9.3A
120 634.3A 12.0A 2.3B 46.0A 56.7A 7.3A
180 646.6A 8.7B 3.0A 45.9A 63.3A 10.7A

Means with the same letter dowolemn within each variety
are not significantly different (p> 0.1)

In Nakabango (Table 1), results showed that there were significant differences in yield, seeds per
pod and plants harvested per square meter for all phosphorus rates. The number of plants
harvested per square meter was, however, less than the optimum plant population for beans of 20
plants/nf. The number of pods per plant was significantly higher with addition of phosphorus
than the control for Kanyebwa.

Phosphorus fertilizers did not hewsignificant effects on 100 seed weight for Kanyebwa. The
100 seed weight for NABE4 at 120 kg/ha was significantly higher than the other phosphorus
rates. There were no significant effects of phosphorus on the harvest index for NABEA4.
However, the harveshdex for Kanyebwa at 60 kg/ha was significantly higher than that for the
control.

At NaCRRFNamulonge, (Table 2), increasing rates of phosphorus did not have significant
effects on yield, pods per plant, seeds per pod, 100 seed weight and plantedhamestuare
meter. Further, there was no significant effect of phosphorus on the harvest index for Kanyebwa.
For NABE4; the harvest index with addition of phosphorus fertilizer was significantly higher
than the control. However, the number of plants ésted was lower than the optimum plant
population of 20 plants/m

At Mbarara ZARDI (Table 3), results showed that for Kanyebwa, yield at 120 kg/ha of
phosphorus was significantly higher than that of the control and for 180 kg/ha of phosphorus.
There wereno significant effects of phosphorus on the yield of NABE4. There were no
significant effects of phosphorus on the number of pods per plant for Kanyebwa. However, for
NABE4 the number of pods per plant at 120 kg/ha of phosphorus was significantly higher t
that at 180 kg/ha of phosphorus. The number of seeds per pod was significantly higher at 120
kg/ha of phosphorus than the other phosphorus rates. There were no significant effects of
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phosphorus on the 100 seed weight and plants harvested per squareonisith varieties. The
harvest index for Kanyebwa at 180 kg/ha of phosphorus was significantly higher than that of 120
kg/ha of phosphorus. However, for NABE4, no significant effects of phosphorus on harvest
index were observed.

2012 First Season (A)

Table 4: Response of Two Common Bean Varieti@&sNABE4 and Kanyebwa- to
Increasing Levels of Phosphorus at Nakabango, Southeastern Uganid@2012 First

Season (A)

Phosphorus  Yield Pods/ Seeds 100 Seed Harvest Plants/

Variety Rate (Kg/ha) (kg/ha) Plant /Pod wt (g) Index m?
Kanyebwa 0 666.7A 7.7A 2.7A 49.9A 48.6A 11.0A
60 893.3A 7.0A 2.7A 50.2A 51.4A 13.8A
120 973.3A 7.6A 3.5A 52.6A 49.2A 13.8A
180 960.0A 9.1A 2.7A 52.3A 52.6A 13.0A
NABE4 0 520.0A 7.1A 2.5A 54.6B 61.4A 14.4AB
60 546.7A 7.2A 2.6A 53.7B 51.5A 11.9B
120 950.0A 7.8A 3.1A 53.6B 53.7A 14.9A
180 946.7A 8.4A 2.8A 58.8A 51.5A 14.8A

Means with the same letter down column within each variety are not significantly different (p>
0.1)

Table 5: Response of Two Common Bean Variegd NABE4 and Kanyebwa- to
Increasing Levels of Phosphorus at NaCRRNamulonge, Central Uganda 2012
First Season (A)

Variety Phosphorus  Yield Pods/ Seeds/ 100 Harvest Plants/
Rate (kg/ha) (kg/ha) Plant Pod Seed Index m?
wt (9)

Kanyebwa 0 536.7A 4.5A 2.5A 45.3A 52.3A 14.4A
60 580.0A 4.5A 2.7A  48.0A 53.6A 19.6A

120 448.0A 4.4A 1.8B 48.8A 57.4A 16.8A

180 540.0A 5.2A 1.7B  48.7A 52.0A 19.3A

NABE4 0 453.3AB 4.1B 2.3AB 56.4A 73.1AB 19.0A
60 463.3AB 5.2A 2.7A 53.6A 66.8B 15.5A

120 353.3B 5.0A 2.1B 50.8A 78.0A 15.2A

180 560.0A 5.5A 2.6AB 559A 62.8C 14.4A

Means with the same letter down column within each variety
are not significantly different (p> 0.1)

At Nakabango, results showed that there were no significant effects of variety, plhestes
and on variety X phosphorus interaction on yield and all the other measured yield parameters
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(Table 4). Yields, however, tended to increase with higher phosphorus rates. Yields at 180 kg/ha
were 44% and 82% higher than the control which had nidiaaef phosphorus. For NABE 4,

the number of plants harvested at 120 and 180 kg/ha of phosphorus was significantly higher than
that at 60 kg/ha. The number of plants harvested per square meter was lower than the optimum
plant population of 20 plantsfm

At NaCRRI, results showed that phosphorus fertilizers did not have a significant effect on all
measured traits except the number of seeds per pod for Kanyebwa (Table 5). The number of
seeds per pod at 120 and 180 kg/ha of phosphorus were higher thamttldoand 60 kg/ha of
phosphorus for Kanyebwa. For NABE4, yield at 180 kg/ha of phosphorus was significantly
higher than that at the lower phosphorus rates. Phosphorus addition further led to significantly
higher number of pods per plant than the corftoNABE4. The number of seeds per pod at 60
kg/ha of phosphorus was significantly higher than that at 120 kg/ha. Phosphorus addition did not
significantly affect the 100 seed weight and number of plants harvested per square meter for
NABE4. The harvest nex for NABE4 at 180 kg/ha was, however, significantly lower than that

of other phosphorus rates studied.

Summary and Implications

Responses to phosphorus fertilization were mixed. 2012A was the third season for repeated
application of phosphorus. The loyields observed indicate that phosphorus levels in the soil
may still have not built up sufficiently and/or other factors still limit productivity even under
seemingly better management of the beans on station. At Nakabango, yields tended to increase
with increase in phosphorus for both Kanyebwa and NABE4. At NaCRRI, P fertilization effects
were muted and yields were lower than at other trial sites. At Mbarara ZARDI, results showed
that yields increased for Kanyebwa while NABE4 had a slight decreasddnayth increasing
phosphorus levels. Comparison of seasonal yields shows that yields in 2012A were higher than
2011B at several P levels. At Nakabango, yields for Kanyebwa in 2012A were higher than in
2011B. At the same time, yields for both varietieNaCRRI in 2012A were generally at least
3times higher than those in 2011B. This could be due to increased available phosphorus or
season differences in weather. Phosphorus application did not have a significant effect on plant
population (plants/f). Geneally, the harvest population was lower than the optimum of
20plants/m.The low yields observed indicate that phosphorus fertilization alone may not be the
answer to the low yields. Further, most of the applied phosphorus may be fixed by the soil, thus
making it unavailable for plant growth. It has been reported that aluminum plus iron
oxides/hydroxides and calcium compounds absorb phosphorus under acidic and alkaline soil pH
conditions, respectively (Turner et al. 2007).

Variety Performance and Farmer Aaptability

Important qualities that farmers consider in accepting varieties include adaptability to a range of
soil fertility conditions, tolerance/resistance to heavy rainfall or drought, early maturity, yield,
marketability, quick cooking requiring leisewood energy, anthste. Farmers in Kamuli prefer

red to pink mottled varieties similar to the local variety (Kanyebwa) that is commonly grown but
prone to diseases. NaCRRI tested eight early maturing red and pink mottled varieties. These
varieties weranot widely accepted by farmers in Kamuli due to low tolerance to drought and/or
high levels of rainfall. More varieties will be tested in the coming season for farmer preferences.
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Kanyebwa remains farmersodo pref etywithé vebysltoomm v ar i
maturation period (60 days). Of the improved varieties, K132 is the best accepted, followed by
NABE and then K131, the variety most tolerant to disease and water stress. K132 is the most
preferred improved variety because of its higklding potential and higher grain weight.
Reports about farmersodé preferences are being
acceptable qualities for consumption and marketing. The NaCRRI bean program recently
released seven bush bean vagetvhich are all early maturing with tolerance to drought. These

will be tested in Kamuli in the coming seasons for their acceptability in addition to other
promising bean lines.

Support Community Based Seed Production by Farmer Groups and Associations

Significant improvements have been recognized as necessary in seed management to effect a
successful transition from househdidsed bean production to marketented productionThe

strategy of community based seed production (CBSP) is being used by moups in Kamuli

to achieve two important goals: create viable agriculture based enterprises, and help other
farmers access improved seeds in a reliable and timely manner, and at lower cost compared to
conventional meand.o establish systems for commtynbased production of quality seed that

can enable many other farmers to access quality seed, we have trained and supported six farmer
groups committed to bean production in accordance with established seed quality standards.

We have been using participay methods to engage farmers in this process and establish viable
and sustainable protocols for seed production, quality control, and st8esgkproducers have
been trained in record keeping regarding production costs to accurately determine a@ppropria
selling prices and timing of sale of their produce that result in a profit margin. To ensure
sustainability in seed production, refresher trainings in institutional development, collective
marketing and establishment of linkages to other existing seedigers and buyers have been
done. The training and extension guide for CBSBomplete with modules on agronomy, farm
recordkeeping, andnstitutional development.ocal capabilities have been further strengthened
through supervision by the technicglesialists from NaCRRI and by information sharing about
performances of bean varieties.

1C
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Farmer Group

These six farmer groups have been multiplying two preferred improved bean varie&E4

and K132 during five successive growing seasons. They lasreased the acreage for group
fields, and even more so on their own household fields. Upon harvest, they retain seed for
subsequent planting on both group and household fields, sell some to VEDCO to be used for new
demonstration gardens and distributiorother farmers, and sell to institutions, traders and at the
market.

Reducing PostHarvest Losses through Solarization and Hermetic Storage (Triple Bagging)
Solarization and triple bagging have been proposed as effective remedies to maintain grain
gualty postharvest. Triple bagging is a technique of storage of grains in air tight environment
(hermetic storage) using three bags, one on the inside of the other (two inner HDPE plastic bags
and a strong outer woven polypropylene sack/bag). Solarizateteishnique of killing insects

and larvae by exposure to high temperatures. In this study, effects of triple bagging storage and
solarization on beans and maize plostvest losses and germinability were studied. Maize and
beans obtained from local markewere dried to 1:23% moisture content. 20 kg of grain were
inoculated with 20 live insects obtained from badly damaged beans and maize.

Beans and maize were triple bagged and stored for seven months. Moisture content, broken
grains, foreign material, s&ct damage, number of live/dead insects and germinability were

11
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determined periodically. Triple bagged bean and maize samples retained > 80 % germinability
and grain quality after three months of storage (Tables 6 and 7). After four months, germinability
reduced to 75%, but grain quality remained constant. However, the bean control sample (a single
woven plastic bag) showed significant deterioration in quality after four months, with
germinability reducing to 56%, moisture content increasing to 15%, ard sagnificant
numbers of live and dead insects. Triple bagging was even more effective for maize, maintaining
grain quality and germinability (> 90%) even after seven months of storage. Maize control
samples significantly deteriorated in quality after sewsonths of storage with germinability
dropping to 36%, moisture content increasing to 14%, with significanbats of live and dead
insects.

Table 6: Germinability and Grain Quality Parameters of Triple Bagged Beans by Storage Time

Tim Damaged
e | Germinabil | Moisture Live Dead and Foreign
(mo. ty Content Insects Insects Split Matter
) (%) (%) (number) | (number) (9/2509) (9/2509)
87.0 £ 13.0+ 0.0+ 0.0z 3.32+ 0.37
0 2.646' 0.773 0.000 0.000' 0.027 0.035
82.0 £ 131+ 0.0+ 0.0+ 2.72 + 0.54 +
1 4.359 0.153 0.000' 0.000' 0.035 0.020
80.0 £ 13.2 0.0+ 0.0+ 1.08 £ 0.37
2 3.606 0.200' 0.000' 0.000' 0.030 0.062
83.0 131+ 0.0+ 0.0+ 1.82+ 0.45 +
3 1.00CG 0.520' 0.000' 0.000' 0.027 0.026
75.0 £ 129+ 0.0+ 0.0+ 0.07 + 0.08 +
4 4.823 0.17% 0.00G 0.00G 0.017 0.03¢

Figures in a column with different letters as their superscript are significantly different.

12
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Table 7: Germinability and Grain Quality Parameters of Triple Bagged Maize by Storage Time

Tim
e Germinabil| Moisture Live Dead Insect
(mo. ity Content Insects Insects Damaged “BCFM
) (%) (%) (number) | (number) (9/250Q) (9/250Q)
96.0 + 12.6 + 0.0 + 0.23 + 0.26 +
0 0.577 0.10¢ | 0.0+0.008| 0.00¢ 0.02% 0.046
97.0 + 12.8 + 0.0 + 0.33 + 032+
1 1.00G 0.10¢ | 0.0+0.008| 0.00¢ 0.046 0.053
95.0 + 131+ 30+ 0.60 + 0.56 +
3 1.006 0.10¢ | 0.0+0.008| 2.64€ 0.03¢ 0.03%
93.0 + 13.6 + 0.0 £ 032+ 057 +
5 1.006 0.000 0.0 £0.008 | 0.00G 0.036 0.02¢
91.0 + 13.2 + 0.0 + 0.72 + 0.24+
6 2517 0.20¢ | 0.0+0.008| 0.00¢ 0.044 0.017
91.0 + 13.4 + 0.0+ 0.11+ 0.07 +
7 1.006 0.26% 0.0 £0.008 | 0.00G 0.053 0.03%

Figures in a column with different letters as their superscript are significantly different.
*BCFM- Broken Corn Foreign Material

Solarization of beans and majzeoculating with live insects, was achieved by placing 1cm
thick layer of grain on black polythene, covered by transparent polythene under the sun. The
effects of solarization were studied through hourly determination of dead and live insects in the
grain over a period of six hours. Solarization led to death of inoculated insects after six hours,
more so in beans than in maize probably due to the dark colors of bean seed coats that better
absorb and retain heat (Tables 8 and 9). In conclusion, solanizatio triple bagging are
effective technologies in reducing pdwrvest losses in beans and maize. The effect of
solarization on the viability of beans needs to be assessed before recommending the method as
suitable for handling seed in addition to hangdlgrain.

Table 8: Effect of Solarization on Insect Viability in Bean Grain

Time | Temperature| Dead Insects | Observations
(hours) °C) (number)
1 29 0 Moving insects
2 48 0 Moving insects
3 54 4 Both dormant and moving insects
4 64 9 Both dormant and mawg insects, a few deay
5 75 16 Most dead, remaining dead
6 82 20 All dead
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Table 9: Effect of Solarization on Insect Viability in Maize Grain

Time | Temperature| Dead Insects | Observations
(hours) °C) (number)
1 32 0 Moving insects
2 45 0 Moving insets
3 53 2 Both dormant and moving insects
4 58 5 Both dormant and moving insects, a few de
5 68 14 Many dead remaining dead
6 78 20 All dead

Evaluate Adoption of Improved Integrated Crop Management Practices and Technologies
Nearly 1000 farmers ke participated in offiarm training sessions for many of the integrated
crop management practices and technologies. Many sugqaorted with materials to implement
these practices, though budget limitations did not allow complete support for all farners wh
received training Extension materials (posters, PowerPoint slides, locally shot and animated
video clips) have been finalizexhd translated into Luganda fdretintegrated crop management
practices that have proven to be effective and feasible forlheudr farm production of
common beans in Uganda. These included improved field site selection, incorporation of
compost and manure into soils, optimizing plant and row spacing, scheduling of weeding,
integrated pest management, grain harvest/threshogkhprvest drying on tarpaulins, grain
moisture monitoring and grading, and hermeticathaled triplebag storagelraining involved
interactive discussion, multhedia tools, and owfarm demonstrations.

We view triple bagging as a suitable method ltorg-term (36 months) storage of seed and
grain that minimizes qualitative and quantitative losses of product. The triple bagging technique
has numerous advantages, including flexible storage volumesaltslity of bags, and
manageable volume of individl bags (5aL00 kg). This flexible storage approach is being
evaluated as a means of meeting the emerging need for bulk storage on farm or at community
collection sites for collective marketing to increase farmer access to emerging markets.

In mid-2012, asample survey was conducted of farm households (n=132), which varied in terms
of the number of growing seasons since their training. The results concaemangness and
implementation of production, pekarvest, processing and marketing practices asepted in
Table 6.
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Table 9: Awareness and Implementation of Production, Pogtlarvest, Processing &Marketing
Practices

Awareness Level Implementation Level
CROP MANAGEMENT Taught Others or Already Do  Definitely Interested
PRACTICES Received will
Training
PRODUCTION
Manure Application 87.8 34.1 4.5 47.7
Germination Test 84.9 41.2 2.3 48.1
Field Preparation 93.2 62.9 1.5 33.3
Line Planting 96.2 61.4 0.8 35.6
Timely Weeding 95.5 63.6 0.8 34.8
Pest Management 87.3 42.4 2.3 42.4
Disease Manageamt 76.5 40.9 2.3 43.9
POSTHARVEST
Timely Harvesting 91.7 61.4 1.5 35.6
Drying on Tarpaulin 87.1 50.8 3.0 38.6
Gently Threshing 84.0 59.1 0.8 31.1
Solarization 80.3 48.5 3.0 38.6
Cleaning 91.0 56.8 0.8 394
Airtight Storage 834 50.8 0.8 42.4
PROCESSING
Soaking and Malting 65.2 31.8 6.1 42.4
Flour Making 68.9 30.3 6.1 43.2
Make Snacks/Cakes for 68.1 29.5 4.5 46.2
Sale
COLLECTIVE
MARKETING
Participate in Group Sale¢ 79.6 40.2 8.3 40.2
Active Leadership Role 71.8 34.6 7.7 44.6
Paclaging and Labeling 67.2 33.6 6.9 43.5

Nearly all households received training in production and-pastestmanagement practices.
Moreover, many among them were involved in demonstrating the practices to other farmers.
Among these, the vast majority farmers already do engage in these practices, definitely will,

or are interested in doing so. Practices that demonstrate the highest level of current
implementation concern field preparation, line planting, timely weeding, timely harvesting,
drying on tarpulins, gentle threshing, cleaning, and hermetic storage. Those with somewhat
lower current levels of adoption involve material costs (manure application, germination test,
pest and disease management, and solarization), though interest in them is hlso hig
Approximately twethirds of the farmers received training in processing (soaking and malting,
flour making, and making snacks/cakes for sale), with just undethalhef them already
engaged in these practices, with a larger proportion interestedjiimbiegy to do so. Collective
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marketing activities (participation in group sales, active role in leadership, and packaging and
labeling) are similarly characterized, with slightly higher current levels of implementation.
Among the relatively small number tdrmers who are not likely to adopt these practices, three
reasons were equally commert an't access material s, canodot a-
the effort/time/cost involved.

Strengthen Learning and Sharing of Innovative Practices

The projectteam has organized three meetings tare results from our research and
development efforts, and to strengthen the learning network. The firstawadue chain
stakeholder forum in Jinja (near Kamuli District) in May 20The Forum had three main
objectves: characterize the bean value chain in the context of Kamuli; engage key stakeholders
in the identification of current functioning, opportunities for improvement and constraints; and
develop a realistic action plan delineating the way forward in cldawelopment. Forum
participants were farmers, input dealers, traders (wholesalers and retailers), credit providers
(FINCA and Finance Trust), institutional consumers (schools, hotels, health units), NGOs
(VEDCO, Africa 2000, RUCODE), local government (Ghi&dministrative Officer, District

Health Officer, District Agricultural Production Officer, NAADS Coordinator), research and
academia (NaCRRI and Makerere University), processors (Nutreal), nutritionists and sales
outlets (supermarkets). Important oppaities for improvement that will benefit all value chain
actors were identified by participants: input suppliers (more effective communication with
farmers, training of input dealers by the Uganda National Agpat Dealers Association, and
government regjation of the seed industry), traders (dissemination of market information,
training of farmers and other traders to separate varieties and maintain high quality), market
information suppliers (wider dissemination of information, training farmers togstrem their
interpretation of market data), and processors (scaling up production, linkages with research and
financial institutions, packaging).
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Value Chain Forum

The second sharing activity was our project dissemination workshop held in Kampalg in Ju

with a range of key stakeholders participating. Complementing members of the five project
institutions were researchers from other disciplines and institutions, representatives of the
Ministries of Agriculture and HealtlGIAT, HarvestPlus/IFPRI, Farm&glio, TechnoServe, and

USAID. Workshop participants suggested involving additional value chain actors at initial
project stages and enhancing gender dimensions in project design and implementation. They
expressed interest i n sbkes: iprlordoternvglue addition prexessng;o0j e c
enhance the nutritional content of bean based products; include other bean varieties in future
experiments; investigate expanded markets for beans; broadcast project findings through Farm
Radio Africa; and facilita access to microfinance among farmer groups.
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Disemination Workshop

The third sharing activity is the final Farmer Field Day to demonstrate and disseminate
recommended management practices and technologies for integrated crop managenwaitit. This
take place at the end of the second season in 2012, on November 27 h20ff®me is
fiEnhancing Sustainable Agriculture Technologies for Food and Nutrition Security through
Knowledge Transfeb.Training modules and materials have been compiled for produgtist
harvest handlingprocessing, and marketinGommunity Based Trainers (CBTs) in the CSRL
Sustainable Rural Livelihoods Program in Kamuli have completedTthaingof-Trainers
activities. Farmers and CBTs will lead the dissemination of innovatiamagement practices
and technologies. Participants will include farmers, district agriculture and community
development officers. We anticipate that these activities will inform, inspire and benefit
hundreds of additional farmers in Kamuli.

Scaling up disemination and adoption of recommended practices and technologies has already
begun in Uganda.g&cific practices that are already incorporated into VEDCO project activities

in some other districts, funded by various donors, are: establishing direcbéitvieen project
communities and NaCRRI to obtain high quality seed and varieties for faased
experimentation; use of training materials developed through the CRSP project; community
based seed production systems; and hermetic storage of grainands€edven t hat f ar
consumer s 6 [bear Vageties tenddcsbe fegion specific;sda participatory trials
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and local capacity building are essential, particularly if community based seed production is
envisioned as a key element in a t&gy to increase quality and quantity of grain for
consumption, collective marketing, and processing. A community based extension system, such
as that currently used by VEDCO, complemented and amplified by information and
communication technologies, alseesns essential. Institutional capacity building of researchers
and NGO extension officers can occur through workshops and linkages with other beans
projects

Objective 2 To Enhance Nutritional Value and Appeal of Beans through Appropriate

Handling and Processing

During phase |, our prprocessing methods developed bean flour with significantly reduced
cooking times (15 minutes). Recipes utilizing the-famtking bean flour in rural communities

were developed through a participatory community based cdmpednd field day in 2010. In

Phase Il, we soughbtpromote increased bean consumption among farming communities and
urban consumers who can realize the nutritional and health benefits, and benefit from reduced
cooking time and monotony in the diet. Tiiest component involvedunderstanding and
communicating consumer preferences regarding culinary properties and sensory characteristics
of existing and improved bean varieties to national bean breeding programs and the private
business sector. The secortmmponent involved engaging the private business sector in value
addition and commercialization of bean products to open up new markets for bean producers.
The third component, reflecting the opportun
through increased consumption of beans and bean products, we developed products that are
practical, useful in school settings, and acceptable to students. Institutional buyers such as
schools, hospitals, and humanitarian agencies have been identified as poi@ikids for beans

and bean products.

Modeling Iron Bioavailability in Beans and Establishing Effect of Extrusion Cooking

Beans are high in iron content (90ppm) and are an important source of iron in developing
countries. However, the iron has very ldioavailability (25%) due to the high content of
polyphenols and phytates, factors known to inhibit iron bioavailability. Strategies to improve
beans6 contribution to iron nutrition includ
bioavailability or (3) increasing both. Our research screened for iron bioavailability in Ugandan
bean varieties and established effects of extrusion cooking. Iron bioavailability of beans was
determined using am-vitro digestion/Cace? cell culture model and modeledthvirespect to

bean phyto ferritin, iron, polyphenol and phytic acid content (Proulx & Reddy 2006). There were
significant differences in the chemical composition and iron bioavailability of the bean varieties
(p <0.05). Polyphenol content ranged from-0.26 mg/g; phytate, 0.19.6%; iron, 57.30.6

pg/g; bean ferritin, 28895 pg/g, and relative biological availability (RBA) from 5.5 to 34.3%.
RBA of white seed coat varieties (34.3%) was significantly higher (p <0.0001) than in colored
seed coat varietie-10%; Figure 1). A fixed effects multiple regression model showed that
polyphenol content, iron content and their interaction were significant model terms. Linear
effects of polyphenol and iron content decreased iron bioavailability while their imaract
increased it.

Effect of extrusion cooking on iron bioavailability of NABE6, a Ugandan white seed coat bean
variety, was also determined. Three extrusion cooking process variables; raw material moisture
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content (1535% wb), extruder die temperature (4275 C) and feed flow rate (1-8 kg/h) were

varied and Response Surface Methodology (RSM) techniques used to optimize process variables
with respect to final viscosity, consumer acceptability and iron bioavailability. RBA of extruded
beans was 53889%, al.510 fold increase on that of conventionally cooked white beans
(34.3%). Extruder die temperature had a significant effect on each significant model; its linear
effect decreasing overall consumer acceptability, expansion ratio and pasting profile but
increasing iron bioavailability. The optimal combination of extrusion variables was 15%
moisture content, 12C die temperature and 3 kg/h feed flow rate. Model validation
experimentsodo results revealed that all respon

Figure 1: Iron bioavailability (% Relative Biological Availability) for 16 Ugandan beaneises
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Differences significant at p < 0.0001; data shown as Mean + SD

Address Nutritional and Health Problems among Vulnerable Individuals through Increased
Consumption of Beans, Bean Products, and Complementary Foods

We hypothesized that availability acceptable alternative ways of preparing beans will result in
increased bean consumptidhh e centr al hypot hesis regarding
sustained use is that a coordinated strategy of technological innovation to facilitate ease of
utilization of bearbased foods and ongoing evidence of nutritional and economic benefits of
beans are likely to create sustainable increased consumption of beans within communities.
Moreover,Phase | results revealed a disparity between breeding for agmhardiness and end

user requirements, since new high yielding bean varieties were not necessarily of optimal
nutrition and consumer acceptability. Phase
processing requirements and informed national breednogrgams. We hypothesized that
interfacing with bean breeders and providing critical information on expectations of end users
(consumers and processors) will, over time, lead to development of sustainable and consumer
acceptable varieties.

Key Phase Il actities involved developing and utilizing appropriate extension information
education and communication (IEC) approaches (nutrition, processing of bean based products)
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for rural community nutrition and health workers to accelerate and multiply positiaé rur
development impacts. In both Uganda and Rwanda, manuals and posters on improved methods
of bean preparation (soaking and germination) that enhance cookability and nutrient
bioavailability were developed. Further, a manual on feeding children ag@srénths was
developed to increase awareness of the benefits for children of adequate feeding practices
involving adequate nutrient and energy intake, and to enhance capabilities in doing so. In
Uganda, &rochure (translated into Luganda) was prepared, baséide manual explaining the
improved methods of cooking beans. This brochure explathedprocesses of soaking,
germination and cooking. Another manual was develojedacilitate training mothers on
preparation of porridge using bebased composite dur, coveringthe ingredients and
processing protocol€rint media (posters and brochures) will be used by VEDCO during its
training sessions and disseminated during co

Village Food Prepration
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